Weretrospectively evaluated the morphologic change of 28 Follow up biopsies from 24 cases of lupus nephritis according to the classification of the World Health Organization and determined the activity index (AI) and the chronicity index (CI). In the cases with biopsies repeated within 6 months, the AI decreased significantly from 6.7±1.3 to 3.5±0.8, while the CI showed no significant change. In cases which were rebiopsied after longer intervals, AI increased significantly from 3.2±0.7 to 7.5±1.2; the CI did not change significantly. When AI and CI changes in the cases biopsied again beyond 6 months were compared with respect to therapy, AI showed no significant difference in the methylprednisolone pulse therapy group but was significantly increased in the oral steroid therapy group. The CI tended to be increased in both groups, but not significantly.
Introduction
Lupus nephritis is caused by deposition of immunecomplexes in the glomerulus as a result of aberrant immunologic activity (1) . Since lupus nephritis is extremely heterogeneous both clinically and pathologically, pathologic assessment by renal biopsy is very important for the establishment of prognosis and for the selection of appropriate therapy (2) (3) (4) (5) (6) (7) . For histological evaluation, the World Health Organization (WHO) classification scheme (8) is used widely. This approach defines not only the histologic morphology but also establishes the degree of activity and sclerosis of a given lesion (8) . An Italian group followed 659 patients with lupus nephritis for ten years and reported that hypertension and diffuse proliferative glomerulonephritis (WHOclass IV) is associated with a worse prognosis (9) . Nossent et al (10) reported that clinical tests of renal function were not reliable in discriminating between active lesions and chronic renal damage. Howevera chronicity index of >3 was associated with decreased patient survival. Esdaile et al (ll) and McLaughlin et al (12) also reported the importance of the chronicity index for the prediction of prognosis, especially in cases with normal renal function (12) .
It is knownthat the glomerular lesions oflupus nephritis may change with disease progression or as a result of treatment (4, 1 3) . It has also been reported that steroid therapy actually may accelerate glomerulosclerosis ( 14) . Wepreviously reported the effect of pulse methylprednisolone therapy on lupus nephritis as defined by the WHOmorphologic classification (15) . We also reported the clinical significance of necroses in response to steroid therapy (16). In the present study, we retrospectively reviewed morphologic changes including active and sclerosing lesions in lupus nephritis. Patients who underwent repeated biopsies were divided into one of two groups: pulse methylprednisolone therapy group and oral steroid group.
Subjects and Methods

Pa tients
The subjects enrolled in this study consisted of 24 patients with lupus nephritis whounderwentserial renal biopsies and met four or more criteria of the Preliminary Criteria for the Classification of Systemic Lupus Erythematosus (17) of the American Rheumatoid Association for cases treated prior to 1982 and the 1982 Revised Criteria for Systemic Lupus Erythematosus ( 1 8) for the cases treated thereafter.
Transition of Lupus Nephritis
Histological classification, activity and chronicity indices Renal tissues were studied by light microscopy, immunofluorescent microscopy, or electron microscopyfor classification according to the WHOmethod. Activity as well as chronicity of renal lesions was scored according to the method of Austin et al (19) . The activity index (AI) was based on the extent of glomerular cell proliferation, karyorrhexis, cellular crescent formation, and interstitial mononuclear cell infiltration and scored as 1 (mild or less than 25%), 2 (moderate or from 25% to less than 50%), or 3 (severe or 50% or more). The presence of karyorrhexis and cellular crescents, which are reflective of active lesions, doubled the above scores, and 2 points each were added when wire-loops, hematoxyphil bodies, or fibrin thrombi were present. Similarly, increased mesangial matrix, glomerular sclerosis, and tubular and interstitial lesions were scored as 0-3, respectively which were also added to the total CI score. The AI and CI score were determined by three nephrologists without prior knowledge of the source of the specimen.
Analysis of histological changes after steroid therapies
Histological changes in lupus nephritis were studied with respect to AI, CI, and therapy used in the 24 cases with follow up biopsies. The interval between biopsies ranged from 2 months to 7 years. Twocases involved three biopsies and two cases involved four biopsies. Sixteen of the 24 cases were treated with pulse methylprednisolone therapy and 8 were treated with oral steroid therapy. The third and fourth biopsies also were included in the study. Twobiopsies were excluded from the study, because the specimen for light microscopy did not contain enough glomeruli to calculate AI and CI. Thus, a total of 28 biopsies were evaluated in this study. These cases treated with methylprednisolone pulse therapy after repeated biopsy were counted in the pulse group, and cases treated with only conventional oral prednisolone were included in the oral steroid group. The serial biopsy cases were classified according to whether the follow-up biopsy was earlier than or later than 6 months after the initial biopsy. Because the effect of pulse methylprednisolone therapy is usually judged after 2 to 6 months and rebiopsy was performed on patients manifesting the exacerbation of renal symptoms such as an increase in proteinuria. The short-term group consisted of 3 cases treated with oral therapy and 12 cases treated with pulse therapy. The long-term group consisted of 8 cases treated with oral therapy and 5 cases treated with pulse therapy. AI and CI were compared between groups.
Protocol of steroid therapies
The protocol of steroids therapy used was the sameas in our previous studies (15, 16) . Pulse therapy consisted of methylprednisolone, 1,000 mg, dissolved in 500 ml of 5% glucose solution and administered by intravenous infusion over 2 hours for 3 consecutive days. This was followed by oral doses of 30-40 mg/day. Oral steroid therapy consisted of prednisolone, initiated at 30-50 mg/day and then tapered. In both groups the initial dose of prednisolone was administered for 4 to 8 weeks and then decreased according to the immunoserological activi-ties such as CH50and anti-DNA antibodies. The decision to choose conventional oral steroid therapy or pulse methylprednisolone therapy was at the discretion of the patient together 
Results
Morphologic transition after steroid therapies Twenty-eight follow-up biopsies in 24 cases revealed morphologic transitions in 14 cases, all of which involved class IV lesions except for one case: 3 changed from class IV to class V, 3 from III to IV, and 2 each from II to IV and vice versa; two improved, one changing from IV to I, one from III to I, and 2 worsened from class IV to class VI ( Fig. 1 ). Repeated biopsies showed that, among class III lesions, one case treated with pulse therapy improved to class I, and 3 cases treated with oral therapy progressed to class IV. In 8 class IVa cases, 1 case each improved to class I or class II, 2 worsened to class IV-b, 1 transformed to class V, and 3 were unchanged. In 5 class IVb cases with severe active nephritis, 2 evolved to IVc, 1 case each evolved to class V, class VI, or unchanged. Of the 3 cases in class IVc with active and sclerosing nephritis, 1 case each progressed to class IVd, class V, and class VI (Fig. 2 ). Changes of activity and chronicity indices after steroid therapies In order to study the effects of treatment on active and sclerosing lesions, the cases with follow-up biopsies were divided into a short-term group (repeat biopsy within 6 months) and a long-term group for comparison of the AI and CI. In the short-term group, which consisted of 3 cases treated with oral therapy and 12 cases treated with pulse therapy (15 cases in total), the AI decreased significantly from a pretreatment mean of 6.7±1.3 (±SEM) to 3.5+0.8 (p<0.01). There was no signifi- cant change in CI, which was 1.7±0.7 before treatment and 1.6±0.4 after treatment. In the long-term group, which consisted of 8 cases treated with oral therapy and 5 cases treated with pulse therapy (13 cases in total), the AI increased significantly from 3.2+0.7 to 7.5+1.2, while the CI also increased, but not significantly, from l.l±0.4 to 1.7±0.4 (Fig. 3 ). When these indices were comparedbetween the oral and parenteral treatment groups within the long-term group, the AI tended to increase, though not significantly, from 2.8±1.2 to 6.2±1.8 in the pulse therapy group, but it increased significantly in the conventional oral therapy group from 3.5+0.8 to 8.4±1.6 (p<0.05). The CI tended to increase both in the pulse (from 1.0±0.3 to 1.4±0.7) and the oral therapy groups (from l.l±0.6 to 1.9±0.5), but the increase was not significant (Fig. 4 ).
Discussion
Morphologic transitions in lupus nephritis may result from the natural history of the disease or from treatment (4, 13, 14, 20) . The most frequent transition is from class III to class IV, as Silva (20) reported in 27 of66 cases and Baldwin et al (4) found in 27 of 151 cases. In the present study, 3 of5 cases withrepeat biopsies after one year or longer had progressive disease on the follow-up biopsy. Balow et al (14) have reported that 38 of237 cases (16%) progressed from classes II or III to IV, 10 of420 (2.4%) shifted from class II, III orIV to class V and4 of55 cases (7%) shifted from class V to class III or IV. Here we found no transitions from class Vto other classes, but transitions from class II, III, orIV to class V were seen in 3 of22 cases (13.6%). The transitions noted shortly after pulse therapy were likely due to the selective response of glomerular subendothelial immune deposits. This implies that the mechanismof production of a) Short term group b) Long term group chronicity index of initial and repeated renal biopsies performed beyond 6 months in both the methylprednisolone pulse group and the oral prednisolone group.
immunecomplexes differs among classes III, IV, and V. Some monoclonal anti-DNA antibodies have been found to react with immunedeposits in class IV but not with those in class V disease (21).
The standard therapy for lupus nephritis is primarily ster-oids. However, disease progression cannot always be controlled with steroid therapy alone. The use of steroids over a long period also has the potential problem of accelerating glomerulosclerosis. Balow et al (14) retrospectively studied the effects of steroids alone or in combination with cytotoxic drugs such as cyclophosphamideand azathioprine on lupus nephritis. Biopsies performed after an average interval of 44 months revealed an increased CI in those receiving steroids alone but not in the group on combination therapy. It was thus concluded that prednisolone alone cannot fully control nephritis or inhibit the progression of glomerular damage to sclerosis. They further reported the beneficial effect of combination therapy of lowdose prednisone with intravenous cyclophosphamide compared to oral prednisone alone (22). Steinberg and Steinberg (23) , also reported the long-term benefit of cyclophosphamide with prednisone on active lupus nephritis. However,a more recent study.indicates an increase in chronicity 5 years after intravenous cyclophosphamide treatment (24). Donadio and Glassock critically reviewed the effect of immunosuppressive drugs and questioned their long-term effects per se on lupus nephritis (25) . They speculated that the favorable effects of immunosuppressive drugs were due to lower prednisone dosage and better medical management of hypertension, hyperlipidemia, infection and other metabolic consequences of systemic lupus erythematosus. Okada (26) examined renal biopsy specimens taken from 1 3 cases of lupus nephritis before and after methylprednisolone pulse therapy in the context of AI and CI scores (27). AI decreased markedly from 9.2 to 4.3, as in the present study, but CI increased from 0.8 to 1.3 overall, and from 0.8 to 1.6 in class IV. Fromthese results, it was concluded that high-dose steroid therapy controls severe histologic damage but not sclerosis. Short-term exposure to steroids increases renal blood flow (28) . Steroids also, however, increase blood pressure through Naretention, vasoconstriction, and increased renin substrate. Steroids also accelerate arteriosclerosis through altered lipid metabolism or by direct effects on blood vessels and suppression of renal prostaglandin production (29). These effects may affect renal function whensteroids are used over a long period. In lupus nephritis, the major site of damage is the glomerulus due to immunecomplex deposition, although tubulointerstitial and vascular lesions are important. Interstitial fibrosis and tubular atrophy are also secondarily caused by the glomerular damage. Thus CI well reflects glomerulosclerosis. The glomerular matrix is composed of type IV collagen (30), laminin, heparan sulfate proteoglycan (3 1 ), and fibronectin, etc. In cases of various types of glomerulonephritis with glomerulosclerosis, increases in these matrix componentshave been reported (32). It is interesting to consider the manner by which steroids effect the production of matrix components. Kasinath et al (33) cultured glomerular epithelial cells and reported that dexamethasone increases the production of the heparan sulfate proteoglycan core protein. However, the regulation of type IV collagen production and other components in the glomerulus and the possible effects of steroids have not been fully elucidated. Transforming growth factor (TGF)-p has some effect on Internal Medicine Vol. 34, No. 10 (October 1995) the production ofextracellular matrix and plays a role in various types of nephritis (34, 35) . Influence of steroids on TGF-p and other cytokines is also interesting.
Repeat biopsies in our study demonstrated a markedly decreased AI in the short-term group. In cases with activity indices of 9 or greater, the effect of pulse therapy was striking. There were no significant changes in CI. A few cases showed a decrease in CI in the short-term pulse group. This might be due to the variability of glomerular damage among glomeruli in lupus nephritis. In the long-term cases, many of which had repeat biopsies after recurrence of clinical nephritis, the AI increased significantly but the CI showed only a statistically insignificant tendency to increase. This tendency was similar in the pulse and oral therapy groups, and increases in both AI and CI were greater in the oral therapy group, though not statistically significant for CI. In the short-term group, pulse therapy seemed to be effective in improving the AI. CI did not increase in this group and steroids were unlikely to cause sclerosis in the short term. Although the therapeutic effect was more difficult to evaluate in the long-term group, which included cases of recurrent nephritis and unresponsive cases, the moremarked increase in the AI and the greater upward tendency of CI in the oral steroid group demonstrated that pulse therapy did not accelerate glomerulosclerosis more than oral therapy. It is more likely that ineffective control of lupus nephritis may have accelerated glomerulosclerosis. The addition ofcytotoxic drugs such as cyclophosphamide might be beneficial in the long term.
Although it has been reported that steroids used over a long period may accelerate sclerosis (14), we found no such effect over a 6-month period. The pulse therapy was especially effective in improving active lesions, and methylprednisolone pulse therapy was beneficial for cases with high activity indices.
